Cross sections are estimated for the production of charmonium states in pp annihilation on resonance. For processes like pp ->-nc ->-yy the cross sections are about 1 nb. Non-resonant contributions are estimated and found
The production cross sections must now be multiplied by the branching ratios to the final states of interest. For the there are indications 6 that the total width is about 20 MeV, while 7 the yy decay is expected to have a partial width of about lOkeV.
On this basis, we assume 0.5 X B (n~ _,. yy) 0.5 X Combining these rates with those in Eq. (3), we have the estimates (6) (pp -+ n~ -+ yy) ""' 0. 9 nb.
The competing non -resonaJlt processes l'ii 11 be estimated later.
The resonance has the signature
The total width of is expected to be in the same range as those of the \jJ and lj!' since it decays three gluons, or a little wider because of a logarithmic threshold enhancernent 8 . we find
Together with Eqs. (3) and (5), this yields -> _,. yyy) "" 0 . 8 nb .
It must be borne in mind that the small total width of 1 P 1 may result in a much smaller effective peak cross section.
If the proton were structureless, like the electron, we could calculate the non-resonant process pp ->-yy using quantum electrodynamics. With just a Dirac coupling, the result is that the total cross section at s = m( is about 30 nb. This is clearly an overestimate since we have ignored the tendency of the proton to emit additional pions when it undergoes a large momentum transfer.
Indeed, it is well known that pp annihilation at s "'10 GeV 2 results in final states with only two particles very infrequently.
This can be made quantitative using the vector dominance model. The factor of three arises from the Clebsch-Gordon relation 
at s = 9 This crude estimate is in reasonable agreement
In
To with the vector daninance estimate. Although neither ought to be trusted to more than a factor of two, they are reassuringly small, especially since most of the cross section will be peaked in the forward and backward directions.
The background for pp -> -> yyy comes from several sources. 
otot -_,. n'y) x B(n~ + yy) "" O.OS_nb.
These events would have to be separated from the true
signal by kinematic constraints. Once again, eliminating events with forward and backward production would suppress the backgrour~d considerably.
An a1ternative to searching for neutral final states is to use the clear leptonic signature of ljJ decay. For example, using Eq. (1) and the lmown leptonic branching ratios, we have Table I. We conclude with some speculations on the possibility of observing upsilonic states using pp rings. The branching ratios of the resonances into pp might well be lower by a factor of ten than those assumed for the charmonium states. In addition, the unitarity limit, Eq. is lower by a factor of ten as well. Even if the branching ratio were 0.5 x the cross sections of interest would be about 10-35 cm 2 . W11ile this would give a few events per hour given a luminosity of this is really practicable. We would like to thank our colleagues M. Alston-Garnjost, RW. Kenny, and T.P.Pun for bringing this problem to our attention and for their explanations of the attendant experimental problems.
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